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Ac    acetyl 
ax.    axial 
AIBN    2,2’-azobisisobutyronitrile 
Bn    benzyl 
b.r.s.m.    based on recovered starting material 
Bu    butyl 
CAN    cerium (II) ammonium nitrate 
CSA    10-camphorsulfonic acid 
DBN    1,5-diazabicyclo[4.3.0]non-5-ene 
DCE    1,2-dichloroethane 
DCM    dichloromethane 
d.e.    diastereomeric excess 
decomp.    decomposition 
DHP    3,4-dihydro-2H-pyran 
DIBAL-H   diisobutylaluminium hydride 
DMAP    4-(N,N-dimethylamino)pyridine 
DMDO    dimethyldioxirane 
DME    1,2-dimethoxylethane 
DMF    N,N-dimethylformamide 
DMP    Dess-Martin periodinane 
DMSO    dimethyl sulfoxide 
d.r.    diastereomeric ratio 
EC50    half maximal effective concentration 
EE    ethoxyethyl 
e.e.    enantiomeric excess 
eq.    equatorial 
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GC    gas chromatography 
HMBC    hetero-nuclear multiple-bond connectivity 
HMQC    hetero-nuclear multiple quantum coherence 
HPLC    high performance liquid chromatography 
imid.    imidazole 
KHMDS    potassium bis(trimethylsilyl)amide 
LAH    lithium aluminium hydride 
LDA    lithium diisopropylamide 
m    metha 
m-CPBA    m-chloroperbenzoic acid 
Me    methyl 
MOM    methoxymethyl 
MS    mass spectrometry 
MTBE    methyl t-butyl ether 
n    normal 
NBS    N-bromosuccinimide 
NOE    nuclear Overhouser effect 
NOESY    nuclear Overhauser effect spectroscopy 
NMR    nuclear magnetic resonanse 
Np    α-naphthyl 
o    ortho 
o.n.    overnight 
p    para 
PCC    pyridinium chlorochromate 
Ph    phenyl 
PMB    p-methoxybenzyl 
 4 
PMP    p-methoxyphenyl 
PNB    p-nitrobenzoyl 
PPTS    pyridinium p-toluenesulfonate 
quant.    quantitative 
RAMP    (R)-1-amino-2-(methoxymethyl)pyrrolidine 
r.t.    room temperature 
s    secondary 
SAMP    (S)-1-amino-2-(methoxymethyl)pyrrolidine 
SEM    2-(trimethylsilyl)ethoxymethyl 
TASF    tris(dimethylamino)sulfonium difluorotrimethylsilicate 
TBAF    tetrabutylammonium fluoride 
TBS    t-butyldimethylsilyl 
t    tertiary 
TEA    triethylamine 
Tf    trifluoromethanesulfonyl 
THF    tetrahydrofuran 
THP    tetrahydropyranyl 
TMEDA    N,N,N',N'-tetramethylethanediamine 
TMS    trimethylsilyl 
tol    p-tolyl 
Ts    p-toluenesulfonyl 
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 ?????????????????????????????????????????
???????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????? 
 ??? 1997 ??? 2010 ????????? (Environmental Protection Agency, EPA) ??
?????????? 109 ????????????????????????? 85 ? 
(78.0%) ???????????????????????? 16 ? (14.7%)????????
?????????? 1? (0.9%) ???????????????????????? 9 ? 
(6.4%) ??? (Figure 1) 1) ??? 9 ??????????????????????????
??????????????????????????????????????????
????????????????????????????????????? 
 
 
 
 
 
 
 
 
Figure 1. New active ingredient registrations for conventional pesticides 
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 ?????????????????????????????????????????
??????????????? (?????) ?????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
???????????????????????????? 
 ?????????????????????????????????????????
??????? (Figure 2) ?????????????? (route a) ????????? (route 
b) ?????????????????????????????????????????
???????????????? (new method) ??????? 
 
 
 
 
 
 
 
Figure 2. Relation between a complexitiy of the compound and a cost of the synthesis 
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2.6. ??  
2.6.1. ???????????????????????????? 
 
 ?????????????????????????????????????????
????????????????????????????????????? Table 2 ?
?????Ingenol (117) ? 1968 ????????????????? Euphorbia ingens ??
???? 36) ?????????? C ?????? (entry 1) 37) ??????? ingenol 
3-mebutate (Picato ® ) ??2012 ?????????????????????? (Food and Drug 
Administration, FDA) ????????????? cis ?????????? in-out ?????
??[4.4.1]???????????????????????????????????2002 ?
? Winkler ???????? 38) ??????????????????????? 39-41) ?
Maoecrystal V (118) ? 2004 ???????? Isodon eriocalyx ??????? ent-?????
?????????HeLa ??????????? (entry 2) 42) ??????????????
????????????????????2010 ?? Li ? 43) ?2012 ?? Danishefsky ? 44) ?
2013 ?? Zakarian ? 45) ????????????Paclitaxel (119) ? 1971 ????????
????????  Taxus brevifolia ?????? 46) ?????????????????? 
(entry 3) 47) ?????????????????????????1994 ?? Holton ????
? 48) ??????????????????? 49-53) ?????????? baccatin III ???
?????????? (Taxol ® ) ??????????? 
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   Table 2. Synthesis of higly oxygenated diterpene with complex carbon framework 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ?????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
???????????????????????? 
O
HO HO
HO
H
OH
ingenol (117)
O
O
OH
O
O
maoecrystal V (118)
O
OAc
O
OH
AcO
H
O
BzO
HO
Ph
O
OH
BzHN
paclitaxel (119)
selective cytotoxicity
against HeLa cell 42)
from!"#$%&!'()*+,-.+#
Wall, Wain (1971) 46)
from Euphorbia ingens
Hecker (1968) 36) Tanino (2003) 39)
Baran (2013) 41)
Wood (2004) 40)
Winkler (2002) 38)
Danishefsky (2012) 44)
Li, Yang (2010) 43)
Zakarian (2013) 45)
Nicolaou (1994) 49)
Mukaiyama (1998) 52)
Wender (1997) 51)
Holton (1994) 48)
Danishefsky (1996) 50)
Kuwajima (1998) 53)
from Isodon eriocalyx
Lin (2004) 42)
activation of protein kinase C 37)
entry compound
isolation
activity
total synthesis
1
2
3
inhibition mitosis of tublin 47)
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2.6.2. ?????????? 
 
 Ryanodanol (120) ?? 14-O-methylryanodanol (121) ? 2007 ???????????? 
Erythroxylum Passerium ????????????????????????????????
????????????? Aedes aegypti ?????? LC50 82 ppm ???????? 
(Figure 12) 54) ????????????????????????????????????
???????????????? 
 
 
 
 
Figure 12. Ryanodanol (120) and 14-O-methylryanodanol (121) 
 
??????????????? ryanodine (122) 55) ? ryanodol (123) 56) ?cinnzeylanol (124) 57) 
?????? (Figure 13) ?????????? ryanodine (122) ?????????????
??????????????????????????????????????????
??????????????????????? Spodoptera littoralis ??????????
????????????? 58) ????? ryanodanol (120) ? 14-O-methylryanodanol (121) ?
???????????? 
 
 
 
 
 
 
Figure 13. Other ryanodane diterpenes and their antifeedant activities 
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EC50
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effective antifeedant doses against Spodoptera littoralis L6 larvae
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 ?????????????????????????????????????????
?????????????????????? ryanodol (123) ?????????????? 
1H-NMR ???????????? ryanodine (122) ??????????????????
??? 59) ??????????????????????????????????????
?????????????????????????????? 
 
2.6.3. ??????? 
 
 ?????????????????geranylgeranyl pyrophosphate (125) ?????????
?????????????? (Scheme 27) 59) ?????????????????????
???????? 
 
 
 
 
Scheme 27. Presumed biosynthesis 
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geranylgeranyl pyrophosphate (125)
OPP
ryanodanol (120)
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2.6.4. ????????? 
 
 1979 ?? Deslongchamps ?? ryanodol (123) ??????????? 60) ????????
????????????????????? 2013 ??????? ryanodol ???????
?????? 61) ??????????????????? 
 
 a) Deslongchamps ??? ryanodol (123) ???? 
 
 Deslongchamps ?????????? A ??B ??? C ??????? ryanodol (123) ?
?????????? (Scheme 28) ????????? 126 ? (+)-carvone ????????
? Diels-Alder ????????? 127 ????????????????????????
?????????????????????? 129 ??????????????????
????????????????? Baeyer-Villiger ?????????????? 131 ??
??????????????????????????????????????????
???? A ?? B ?? C ????? 132 ????????????????? D ???
?????????? 132 ?? 6 ????? 133 ????? Grob ???????????
???? 134 ????????????????????????? p-??????????
????? 136 ?????? 136 ??????? 137 ????????????? 138 ?
????????????????????????? anhydroryanodol (139) ????????
????????? Birch ??????? 41 ?????? 0.19% ?? ryanodol (123) ???
??????????? ryanodol (123) ????????????????????????? 
ryanodine (122) ????????? 
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Scheme 28. Total synthesis of (+)-ryanodol (123) by Deslongchamps group 
 
O
O
O
O
O
O
O
126
PhH, reflux
1) aq. NaOH 
     THF 
2) AcOH, H2O
aq. NaOH 
     THF
1) COCl2
    pyridine, PhH
2) (MeO)3CH
    p-TsOH, MeOH
    (27% from 126)
1) CH3CO3H
    CH3CO2Na
2) WCl6, n-BuLi
    THF, –78 ºC
    (80% in 2 steps)
DMSO, n-BuLi
then aq. HBF4
THF, 0 ºC
(97%)
CF3CO3H
Na2HPO4
ClCH2CH2Cl
4 ºC (98%)
1) aq. NaOH 
2) PNBCl, pyridine 0 ºC
    (95% in 2 steps)
DBN 
PhH, reflux
(29% from 136)
(+)-ryanodol (123)
Li, NH3
THF, –78 ºC
(60%)
O3, EtOAc
p-TsOH, –78 ºC
then Me2S (90%)
O
HO
O
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O
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O
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O
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R
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127 128
129 130 131
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A B
C
D
O
OH
(MeO)2CH
O
HO
O
O
O
PNBO
133 (R = OMOM)
134 135 136
O
OH
HO
HOHO
HO
O
O
O
OHHO
HOHO
HO
O
137 (R' = OAc) 138
139 140
CF3CO3H
Na2HPO4
DCE (85%)
1) NaBH4, THF
    MeOH, 0 ºC (90%)
2) aq. NaOH, THF
    (62%)
6 steps
6 steps
A, B & C-ring
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 b) ?????? ryanodol ??? 158 ??? 
 
 2013???????????????? C2 ?????????????????????
??????? ryanodol ??? 158 ?????????? (Scheme 29) ???? C2 ????
??? 141 ?? Rubottom ?????????????? 143 ?????????????
?????????? 145 ?????????? Rubottom ????????????????
??????? TBS ??????? 147 ???????????????????????
???????? Barton-McCombie ??????????? 149 ????????????
??????????????????????????????????????????
??? 151 ?????? TBS ???????????????? 152 ??????????
??????????? 153 ??????????? TBS ???????????????
???????????? 155 ?????? Grubbs ??????????????????
????????? 156 ???????????????????????????????
??????????? 9-demethyl-10,15-dideoxyryanodol (158) ??????????? 
 
 ??????????????????????????????????????????
??????????????????????????????????????????
???????????????????????ryanodanol (120) ???????????? 
 46 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 29. Synthesis of ryanodol analogue 158 by Inoue group 
1) TMSOTf, TEA, DCM
2) DMDO, DCM, 0 ºC 
3) TfOH, MeOH
TfOH
DCM, 65 ºC
(71% in 4 steps)
MeO
MeO
DMP, NaHCO3
DCM (81%)
1) LDA, THF, –78 ºC
    then TBSOTf
2) m-CPBA, NaHCO3
    DCM (81%)
1) NaH, CS2, THF
    then MeI (85%)
2) n-BuSn3H, AIBN
    PhH, 100 ºC (82%)
N
N
PhO
S
Cl
n-Bu3Sn
1) TASF, DMF
2) DMP, NaHCO3
    DCM, 0 ºC
MgBr
Grubbs II
DCM 
(68%)
1) H2, Pd/C, EtOAc
2) 1M HCl in EtOAc
    MeOH, 50 ºC
NaBH(OAc)3, PhH, AcOH, 70 ºC (2 cycles)
then KOH, MeOH, 50 ºC (3 cycles)
(65% in 3 steps)
1) TBAF, MeCN
    60 ºC (81%)
2) DMP, NaHCO3
    DCM (91%)
9
10
15
9-demethyl-10,15-dideoxyryanodol (158)
         , PPTS
PhH, reflux (72%)
TBSOTf, TEA
ClCH2CH2Cl, 80 ºC
(99%)
OsO4, pyridine
then aq. NaHSO3
(90%)
KH 
THF, –20 ºC
(81%)
AIBN 
PhH, reflux
(66%)
t-BuLi 
2-bromopropene
TMEDA, THF, –78 ºC
(48% in 3 steps)
THF, –30 ºC 
(95%)
O
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C2 symmetry
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2.7. ??????????????????????????  
2.7.1. ???? 
 
 ?????????????????????????????????????????
?????????????????????????????[3.2.1]???????????
??????????????????????????????????????????
??????????????????? (Scheme 30) ???????[3.2.1]??????? 
162 ???????? 163 ??????????? o-??? Friedel-Crafts ????????
???????????????? 161 ????????????? Birch ???????? 
160 ???????????????????????????? ryanodanol (120) ?????
??????????????????????????[3.2.1]??????? 162 ????
????????????????????[2.2.2]??????? 165 ??????????
?????????????? 
 1996 ?? Nair ??????????????? 168 ????? 170 ?????????
???????? (Scheme 31) 62) ?????????????????? 169 ???????
???????????????????????? 165 ???? R ???????? 164 
??????????????????????????[2.2.2]??????? 165 ????
????????? 167 ????????????? o-??? 166 ????????? 
Diels-Alder ????????????????? 
 
 ?????????????????????????????????????????
?????????????????????????????? ryanodanol (120) ?????
??????????????????????????????????????????
????????? 
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Scheme 30. Retrosynthesis of ryanodanol (120) 
 
 
 
 
 
Scheme 31. Rearrangement of 168 
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CHCl3, reflux
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Friedel-Crafts reaction
O
O
O
O
Br
OMe
OMe
O
OH
HO
HO
O
O
O
HO
O
O
O
PO O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OH
HO
HO
HO
HO
OP
Br
HO
rearrangement
inversed electron-demand
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R
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2.7.2. ????[3.2.1]?????????? 
 
 ???o-??? 166 ??????? (Scheme 32) ????????? 3-methylcatechol (171) 
???????? 167 ???? 63) ???????????????????????????
????????????? 172 ???????????????????????????
?????????????????????????? 174 ???????????? (II) ?
???????????? o-??? 166 ?????? (??????????) ? 
 
 
 
 
 
 
 
Scheme 32. Preparation of o-quinone 166 
 
 ???????? Diels-Alder ?????????????? (Table 3) ?????????
?????????????????? (entry 1) ??????? (entry 2) ?????????
?????????? (entry 3) ?????? 175 ????????????????????
?? o-??? 166 ????????????????????????? entry 4 ? 5 ??
??????????????????????????????? o-??? 166 ?????
??????????????????????????????? 175 ? 176 ?????
?????????????????????????? 
 
 
 
OH
OH
Br
OMe
OMe
172
1) MeI, K2CO3 
    acetone, reflux
2) NBS, MeCN
    (98% in 2 steps)
OMe
OMe
167
OMe
OMe
OH
OH
t-BuLi, acetone
THF, –78 ºC 
then aq. HCl
(96%)
3-methylcatechol (171)
H2, Pd/C
EtOAc
(96%)
BBr3, DCM
–78 ºC to r.t.
(73%)
AgO
Et2O
173 174 166
O
O
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         Table 3. Study of inversed electron-demand Diels-Alder reaction 
 
 
 
 
 
 
 
 
 
 ????????????????? (Scheme 33) ?????[2.2.2]??????? 175 ?
? 176 ??????????? (IV) ??????????????????????????
?? 177 ??????????????????? 175 ????????????????
??????? 
 
 
 
 
Scheme 33. Rearrangement of bicyclo[2.2.2]octanedione 175 and 176 
 
 ????[2.2.2]??????? 175 ?????????????????????????
???????????????????????? 179 (? 180 ????) ????????
?? (Scheme 34) ????????????????????????? (IV) ???????
?????????? 182 ??????????????????????????????
??????????? 175 ??????????? ryanodanol (120) ??????????
?????????????????????? 
O
O
O
O
OH
O
O
OH
OH
OH
SPh
PhMe, reflux
neat, 60 ºC
BF3·OEt2, CHCl3, –40 ºC
neat, 60 ºC
neat, 60 ºC
OH
OH
1
3
2
4
5
entry condition result
decomp.
175/176 = 3.9:1
(79% from 174)
decomp.
decomp.
decomp.
166 175
desired
176
conditions
O
O
OH
O
O
OH
O
O
OH
O
O
OH
rearranged
compounds
from 176
175 176 177
desired
178
SnCl4
CHCl3
(  1     :     3  )
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Scheme 34. Rearrangement of bicyclo[2.2.2]octanedione 179 and 180 
 
 ????????????????????????????? (Scheme 35) ??????
??????????????????????[2.2.2]??????? 175?????????
???????????????????????????????????????? 185 ?
???????????????????? (IV) ????????????????????
??????????????????????????????????????????
?????????????????????????????[3.2.1]??????? 185 ?
????NOE ???? HMQC?HMBC ????????????? 
 
 
 
 
 
 
 
 
Scheme 35. Rearrangement of bicyclo[2.2.2]octanedione 183 and 184 
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compounds
from 180
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desired
182
SnCl4
CHCl3
(  0     :     1  )
O
O
OH
O
O
OH
175 176
O
O
OAc
O
O
OAc
179 180
Ac2O, DMAP 
pyridine, DCM
(91%)
O
O
OH
O
O
OH
175 176
O
O
Stol
O
O
Stol
183 184
MsCl, DMAP
DIPEA 
DCM,  0 ºC
then tolSH
(85%)
O
O
Stol
O
O
Stol
rearranged
compounds
from 184
185 
desired
(31% from 174)
186
BF3·OEt2
DCM
(  3     :     1  ): NOE
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 ?????????????????????? (Scheme 36) ???????[2.2.2]????
??? 165 ?????????????????????????????????????
?? path a ?? 187 ?? path b ?? 188 ?????????-?????????????
?????[3.2.1]??????? 164 ?? 189 ???????????????? 2.5.1. ??
???????????? 187 ? 188 ????????????????????????
????? R ??????????? 188 ?????????????-?????????
?????????????path a ?????????? 164 ??????????????
???????? R ?????????????????????? 188 ????????
??????????????? path b ???????? 189 ?????????????
?? 
 
 
 
 
 
 
 
 
 
 
 
Scheme 36. Rearrangement mechanism 
 
 ??????[3.2.1]??????? 185 ???????????????????????
?? (Table 4) ????????????????????????????????????
??? 190 ???????? (entry 1) ?Entry 2 ????????????????????
O
O
R
O
O
R
LA
LA
O
O
R
LA
O
O
R
O
O
R
O
O
LA
O
O
LA
OH
O
O
189
undesired
R= OAc R= OH
165
164
desired
187
188
path a
path b
a
b
 53 
O
O
Stol
O
O
conditions
Raney Ni (W-2), MeOH
n-Bu3SnH, Et3B, THF, air, –78 ºC to r.t.
Raney Ni (W-2), EtOH
Raney Ni (W-2), THF
1
3
2
4
5
entry condition result
190 (<31%)
no reaction
decomp.
decomp.
185 190
n-Bu3SnH, AIBN, PhMe, reflux
Raney Ni (W-2), acetone6 190 (93%)
decomp.
?????????????????Entry 3 ?? 5 ?? Raney ?????????????
??????????????????????????????????????????
????????????????????????????????? (Scheme 37) ???
???????????????????????? 190 ????? (entry 6) ? 
           Table 4. Study of desulfurization 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 37. Mechanism of decomposition 
 
 ???? 190 ????????????????????????? (Scheme 38) ????
????????????????????? AD-mix β ?????????? 191 ????
??????????????????????????????????????????
????? 192 ???????????????????????????????????
????????????????????????????????????? 193 ???
????????? 162 ????????? 
 
O
O
Stol
185
O
Stol
Nu
O
Nu
O Nu
O
Stol
Nu = OMe
         OEt
decompostion
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Scheme 38. Study of acetonide formation 
 
 ?????????????????????????????????????????
?????????????????????????? 
 
2.7.3. ?????????????????????? 
 
 ??????????????????????????????? (Table 5) ?Entry 1 ?
??????????????????????????????????????????
?????????? 1,2-??????????????????????????????
????????? (entry 2) ?????????????????????????????
???????????????exo ? 194 ? endo ? 195 ? 1:8 ??????? (entry 3) ?
Entry 4 ??????? (I) ??????????????????exo ? 194 ???????
???????????????? NOE ???????????? 
 
 
 
 
 
O
O
O
O
O
O
O
O
O
190
O
O
HO
HO
191
m-CPBA, DCM 
0 ºC to r.t.
(84%)
a) BF3·OEt2, acetone, 0 ºC to r.t.
b) Amberlyst 15, acetone
c) Montmorillonite K10, acetone, reflux
192
162
desired
a) OsO4, NMO, t-BuOH, acetone, H2O
b) OsO4,  t-BuOH, acetone, H2O
c) AD-mix !, methanesulfonamide, t-BuOH, H2O
O
HO
193
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        Table 5. Study of conjugate addition to 190 
 
 
 
 
 
 
 
 
 ??????????????????? exo ? 194 ?????????????????
????????????????????????? 185 ???????????????
???????? endo ?????????????????????????? (Scheme ?
?) ?Table 5 ???? entry 4 ??????? exo ? 196 ? endo ? 197 ? 1.3:1 ????
???????????? 
 
 
 
 
Scheme 39. Conjugate addition to 185 
 
 ????????????????????????????????????? (Scheme 
40) ???????????????????????[3.2.1]??????? 185 ?????
??????????????exo ?? endo ?? 1.2:1 ??????????????? exo 
? 198 ?????? NOE ????????????????????????????? 
Table 4 ????????? 199 ???? 
 
O
O
190
O
O
195
O
O
194
desired
conditions
PhMgBr, CuBr·SMe2, THF, 0 ºC 1:2 (56%)
PhMgBr, CuI, THF, 0 ºC 1:8 (35%)
Ph2CuCNLi2, THF, –78 ºC multi products
Ph2CuLi, THF, –78 ºC multi products
4
3
2
1
entry condition 194/195
: NOE
O
O
185
O
O
197
O
O
196
desired
: NOEStol Stol
Stol
PhMgBr
CuBr·SMe2
THF, 0 ºC
(86%)
(  1.3    :     1  )
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Scheme 40. Preparation of 199 
 
 ????? o-??? Friedel-Crafts ????????? (Scheme 41) ???????? 
TMSOTf ?????? (IV) ??????????????????????????????
???????? 201 ???????? 200 ?????????????? α ??????
????????? 
 ?????????? Firedel-Crafts ???????????? p ???????????
???? 202 ?????????????????????????????-???????
???????? 200 ????????????? 201 ??????? Friedel-Crafts ???
????????????????????????????????????? 
 
 
 
 
 
 
 
 
 
Scheme 41. Study of Friedel-Crafts reaction with 199 
 
O
O
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O
O
198
(43%)
Stol Stol
CuBr·SMe2
THF, 0 ºC
exo/endo = 1.2:1
OMe
O
O
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OMe
Raney Ni (W-2)
acetone 
(79%)
MgBr
OMe
: NOE
O
O
199
OMe
O
O
OMe
HO
O
OMe
O
O
OMe
H
O
OMe
O
HO
O
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a) TMSOTf, DCM, 0 ºC
b) TiCl4, DCM, 0 ºC
c) BBr3, DCM, 0 ºC
200 201
desired
202
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 ??????????????????????????????????????? 203 
?????????? (Scheme 42) ? KHMDS ? MeOTf ??? 199 ? 203 ???????
??? (IV) ????????????? 200 ??????? 199 ?????????? 203 
?? 199 ???? Scheme 41 ????????? 200 ???????????? 
 
 
 
 
 
 
 
 
Scheme 42. Study of Friedel-Crafts reaction with 203 
 
 ???????? o-??? Friedel-Crafts ???????????????????????
??????????????????????? ryanodanol (120) ????????????
?? 
O
O
199
OMe
OMe
O
203
OMe
KHMDS 
MeOTf
THF, –78 ºC
(42%)
H
O
OMe
O
HO
MeO
O
200 204
desired
TiCl4
DCM, 0 ºC
199
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2.7.4. ????????? 
 
 ??????????????? 
 
  ?????[3.2.1]??????? 190 ???????????? 
  ?????[3.2.1]??????? 190 ??????????????????? 
  ???????????????????????? 
  ???? o-??? Friedel-Crafts ????????????? 
 
?????????????????????????????????? (Scheme 43) ??
???????????????????? 210 ????????[3.2.1]??????? 185 
?????????????????????????????????????? 208 ??
???????????????????? Prevost-Woodward ???????? 64) ????
????????????????????????????? 207 ???????????
?????????????????????????????????? 206 ??????
???????? 205 ?????????????? ryanodanol (120) ??????????
??????????????????????????? Prevost-Woodward ???????
?????????????????????????????????? 
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Scheme 44. Revised retrosynthesis of ryanodanol (120) 
 
 Prevost-Woodward ????????????????????? (Scheme 44) ?????? 
211 ?????????????????? 212 ???????? (I) ????????? 
trans ??? 213 ??????????????????????????????????
????????????1,3-??????-2-??????? 214 ????????????
????????????????????????????????????? cis ???
? 217 ??????? 
 ??? 1,3-??????-2-??????? 214 ?????????????????????
?? 208 ???????????????????????? 218 ???????????
?? 1,3-??????-2-??????? 219 ??????????????????????
???? 221 ??? 222 ??????????????????? 207 ?????????
??????????????????????????????????????????
?????? 
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HO
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OSEM
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conjugate addition &
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Stol
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Scheme 44. Prevost-Woodward dihydroxy reaction 
 
2.7.5. ????????????????????? 
 
 ?????????????????? 210 ??????? (Scheme 45) ????????
? 3-??????????? 224 ???? 65) ? THF/DMF ????? KHMDS ?????
??? 66) ??? SEMCl ??????????????????? 210 ???? 
 
 
 
 
Scheme 45. Preparation of 210 
O
O
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Ag Ag
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OSEM
Br
PPh3, Br2
TEA
DCM, 0 ºC
(79%)
KHMDS 
THF, DMF, – 78 ºC
then SEMCl
(64%)
223 224 210
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 ???????????? 225 ?????????? (Scheme 46) ???????????
???????????????????????????????????????????
???????????? 226 ??????????????????????? 210 ??
?????????? (Table 6) ?THF ??????????????? (entry 1) ?Et2O ?
??????????????????? 227 ??????????? (entry 2) ??????
????-??????????????????????????? 225 ???? Scheme 47 
????? Et2O ????????????????????????? 
 
 
 
Scheme 46. Study of preparation of 225 
 
 
           Table 6. Study of halogen-metal exchange 
 
 
 
 
 
 
 
 
 
 
Scheme 47. Preparation of 225 
 
OSEM
Br
OSEM
210 225
BrMg
a) Mg, I2, THF, reflux
b) MgCl2/K, BrCH2CH2Br, THF, reflux
OSEM
Br
OSEM
conditions
t-BuLi, Et2O, –78 ºC 227 (quant.)
t-BuLi, THF, –78 ºC no reaction
2
1
entry condition result
210 227
OSEM
Li
226
H
OSEM
Br
OSEM
t-BuLi, Et2O, –78 ºC
then MgBr2·OEt2, 0 ºC
210 225
BrMg
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 ???????? 225 ? Et2O ????????????????? Et2O ???????
????? (Scheme 48) ?????????????????????????? 1,2-???
??????????? ??????????? 
 
 
 
 
 
Scheme 48. Conjugate addition in Et2O 
 
 ????????????????????????? THF ??????????????
??????????????????????????????????????????
? THF ???????????????? (Scheme 49) ??????????? 225 ? Et2O 
??????????????? Et2O ?????? THF ??????? THF ??????
???[3.2.1]??????? 185 ???????????????????????????
????? exo ? 228 ? endo ? 229 ? 1:1 ???????????????????? 
NOE ???????????????????? 1,2-??????????????????
??????? 225 ? THF ????????????????????? 
 
 
 
 
 
Scheme 49. Conjugate addition in THF 
 
 
O
O
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O
O
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Stol Stol
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(<10%)
OSEM
O
O
Stol
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OSEM
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225
O
O
185
O
O
228
desired
Stol Stol
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THF, 0 ºC
exo/endo = 1:1
(~49%)
OSEM
O
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Stol
OSEM
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229
: NOE
225
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 ?? exo ? 228 ??????????????????????????? (Scheme 50) ? 
SEM ???? TBAF ? TASF ????? SEM ????????????????????
????????????????????? 
 
 
 
 
Scheme 50. Study of deprotection and aldol reaction  
 
 ???? SEM ?????????????????????? (Scheme 51) ??? exo ? 
228 ? TMSOTf ????????? SEM ??????? β,γ-?????? 231 ??????
????? TMSCl ??????? α,β-????????????????????????
??????????????????????????????????????? 233 ?
?????????????????????????????? 230 ?????HMQC?
HMBC ???????????????????????????????????????
????????????????????????????????????????? 
234 ???????????? 234 ??? Prevost-Woodward ??????????????
???????????ryanodanol (120) ????????????? 
 
 
 
 
 
 
 
 
O
O
228
Stol
OSEM
HO
O
O
Stol
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a) TBAF, THF, reflux
b) TASF, THF, reflux
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Scheme 51. Construction of full ring system of ryanodane 
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2.8. ???????  
 
 ?????????????????????????????????????????
????????????????????????????????????? (Scheme 
52) ???????????? 167 ????????????????????????? o-
??? 166 ??????????????? Diels-Alder ????????????????
?? 183 ?????????????????[3.2.1]??????? 185 ?????????
?????????????????? 231 ??????????????????????
?????????????????????????? 234 ????? 11 ????????
??????????????????????????????????????????
???????????????????????????????? 
 
 ???????? Prevost-Woodward ????????????????????????? 
ryanodanol (120) ????????????????? 234 ????????????????
??????????????????????????????? 14-O-methylryanodanol 
(121) ? ryanodol (123) ???????????????????????????????
?????? (Scheme 53) ? 
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Scheme 52. Short step synthesis of ryanodane skeleton 234  
 
 
 
 
 
Scheme 53. Future synthetic plan of ryanodane diterpenes 
Br
OMe
OMe
172
OMe
OMe
167
t-BuLi, acetone
THF, –78 ºC 
then aq. HCl
(96%)
OMe
OMe
OH
OH
H2, Pd/C
EtOAc
(96%)
BBr3, DCM
–78 ºC to r.t.
(73%)
AgO
Et2O
173
174 166
O
O
O
O
OH
O
O
OH
175 176
O
O
Stol
O
O
Stol
183 184
MsCl, DMAP
DIPEA 
DCM,  0 ºC
then tolSH
(85%)
O
O
Stol
185
BF3·OEt2
DCM
(31% from 174)
O
O
228
Stol
CuBr·SMe2
THF, 0 ºC
exo/endo = 1:1
(~49%)
OSEM
OSEM
BrMg
O
O
231
Stol
O
O
O
OO
233
Stol
O
O
OO
234
TMSOTf
DCM, –78 ºC
(56%)
Cs2CO3, MeCN
reflux
then Ac2O, TEA
DMAP (25%)
Raney Ni (W-2)
acetone 
(quant.)
OH
neat, 60 ºC 
(79% from 174)
O
OH
HO
HO
HO
HO
HO
rynodanol (120)
( 3.9  :  1.0 )
O
O
OO
234
O
OH
HO
MeO
HO
HO
HO
14-O-methylryanodanol (121)
O
OHHO
HO
HO
OH
HO
HO
ryanodol (123)
 67 
 
 
 
 
 
??  
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????????????????????????????5 ?????????
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????  
 71 
? ??? Yanaco Mp-S3 ?????????????????????? 
? 1H-NMR ??????????????? (CHCl3: 7.26 ppm?C6H6: 7.15 ppm) ??????
??JEOL JNM-AL 300 (300 MHz), JEOL JNM GSX-500 (500 MHz) ?? JEOL JNM ECS-400 
(400 MHz) ????????? 
? 13C-NMR ??????????? (CDCl3: 77.0 ppm, C6D6: 128.0 ppm) ????????
JEOL JNM-AL 300 (75 MHz), JEOL JNM GSX-500 (125 MHz) ?? JEOL JNM ECS-400 (100 
MHz)????????? 
? ?????????? Jasco FT/IR-230 ?? Jasco FT/IR-4200 ????????? 
? ???? ESI???????? JEOL JMS-T100LC????????? 
? ????? Jasco DIP-1000 ????????? 
? ????????? 1T ????????? 
? ?????????????? HITACHI L-2130 ??????? HITACHI L-2400 ? UV 
????????????? 
? ???????????? Agilent 7890N ?? Shimazu GC-14A ???????? 
? ????????????????????????????? 60N (?????) 63~210 
mm, ???????????????????? Merck Kieselgel 60 F254, 0.5 mm (Ord. No. 
105744) ???????? 
? ???????????????????? IUPAC??????????????? 
 72 
??? 
 
???????????????????????????????5 ????????? 
 80 
??? 
 
1,2-dimethoxy-4-isopropenyl-3-methylbenzene (172) 
 
 
 
 
 
 ???????? 1-bromo-3,4-dimethoxy-2-methylbenzene (167) (11.0 g, 47.6 mmol) ? THF 
(200 mL) ????? –78 ºC ??????t-??????? (1.77 M ??????, 56.5 mL, 100 
mmol) ???? 30 ???????????????????????? (3.85 mL, 52.4 mmol) 
??????????????????? (3 M ???, 50 mL, 150 mmol) ???? 2 ????
???????????????????????????????????? 3 ??????
?????????? 1 ???????????????????????????????
??????????????????? (?????/n-???? = 1:6) ?????? 172 
(8.77 g, 45.6 mmol) ??? 96% ???? 
 
172: colorless oil; 1H-NMR (400 MHz, CDCl3): δ = 6.85 (1H, d, J = 8.4 Hz), 6.73 (1H, d, J = 8.4 Hz), 
5.16 (1H, m) 4.81 (1H, m), 3.85 (3H, s), 3.80 (3H, s), 2.23 (3H, s), 2.01 (3H, s); 13C-NMR (100 MHz, 
CDCl3): δ = 151.4, 147.1, 145.5, 137.6, 129.1, 123.1, 114.8, 109.1, 60.1, 55.6, 24.7, 13.0; IR (film) 
νmax (cm–1) = 2962, 2939, 1462, 1449, 1415, 1307, 1289, 1267, 1223, 1086, 1005, 897, 806; HRMS 
(ESI+): m/z calcd. for C12H16NaO2 [M+Na] + 215.1043, found 215.1032; nD24 = 1.521 
Br
OMe
OMe
167 172
OMe
OMet-BuLi, acetone
THF, –78 ºC then aq. HCl
(96%)
 81 
1,2-dimethoxy-4-isopropyl-3-methylbenzene (173) 
 
 
 
 
 
 ???????????????? 172 (8.5 g, 44.2 mmol) ?????? (200 mL) ????
?????????? (1.56 g) ?????????????????? 5 ?????????
??? Celite® ???????????????????????????????????? 
(?????/n-???? = 1:10) ?????? 173 (8.23 g, 42.4 mmol) ??? 96% ???? 
 
173: colorless oil; 1H-NMR (400 MHz, CDCl3): δ = 6.81 (1H, d, J = 8.4 Hz), 6.76 (1H, d, J = 8.4 Hz), 
3.84 (3H, s) 3.78 (3H, s), 3.07 (1H, sept, J = 6.8 Hz), 2.26 (3H, s), 1.20 (6H, d, J = 6.8 Hz); 13C-NMR 
(100 MHz, CDCl3): δ = 150.5, 146.9, 140.9, 129.6, 119.9, 109.4, 60.2, 55.6, 29.4, 23.4, 11.2; IR (film) 
νmax (cm–1) = 2960, 2931, 1492, 1452, 1416, 1291, 1267, 1222, 1089, 1049, 802; HRMS (ESI+): m/z calcd. 
for C12H18NaO2 [M+Na] + 217.1199, found 217.1181; nD24 = 1.504 
172
OMe
OMe
OMe
OMe
173
H2, Pd/C
EtOAc
(96%)
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1,2-dihydroxy-4-isopropyl-3-methylbenzene (174) 
 
 
 
 
 
 ?????????????????? 173 (8.0 g, 41.2 mmol) ???????? (200 mL) 
????? –78 ºC ???????????? (1.0 M ?????????, 86.5 mL, 86.5 mmol) 
???? 0 ºC ?????1 ??????????????????????????????
? 3 ???????????????? 1 ??????????????????????
???????????????????????????? (?????/n-???? = 1:4) 
???????n-??????????????? 174 (5.03 g, 30.3 mmol) ??? 73% ???? 
 
174: colorless crystal; m.p. = 80.5-81.0 ºC; 1H-NMR (400 MHz, CDCl3): δ = 6.70 (2H, s), 5.19 (1H, brs), 
4.85 (1H, brs), 3.07 (1H, sept, J = 6.8 Hz), 2.23 (3H, s), 1.19 (6H, d, J = 6.8 Hz); 13C-NMR (100 MHz, 
CDCl3): δ = 142.0, 140.5, 140.4, 122.0, 116.2, 112.3, 29.0, 23.4, 10.9; IR (KBr) νmax (cm–1) = 3523, 3262, 
2958, 2873, 1621, 1593, 1506, 1257, 1151, 1036, 987, 810, 614, 590, 527; HRMS (ESI+): m/z calcd. for 
C10H14NaO2 [M+Na] + 189.0886, found 189.0877 
 
OMe
OMe
173
OH
OH
174
BBr3
 DCM, –78 ºC to r.t.
(73%)
 83 
5-(hydroxymethyl)-7-isopropyl-1-methylbicyclo[2.2.2]octa-5,7-diene-2,3-dione (175) 
6-(hydroxymethyl)-7-isopropyl-1-methylbicyclo[2.2.2]octa-5,7diene-2,3-dione (176) 
 
 
 
 
 
 ?????????????? 174 (7.50 g, 45.1 mmol) ????????? (200 mL) ???
????????????????????? (II) (7.5 g, 60.6 mmol) ??????? 10 ??
?????????????????????? o-??? 166 ??????????? o-?
?? 166 ???????????? (30 mL, 515 mmol) ????? 60 ºC ?????8 ???
???????????????????????????????????????? (??
???/n-???? = 1:2) ?????? 175 ? 176 ? 3.9:1 ???? (7.80 g, 35.4 mmol) ?
????? 
 
175: yellow oil; 1H-NMR (500 MHz, CDCl3): δ = 6.25 (1H, d, J = 6.5 Hz), 5.97 (1H, d, J = 1.5 Hz), 
4.40-4.30 (2H, m), 3.97 (1H, dd, J = 6.5, 1.5 Hz), 2.53 (1H, sept, J = 6.5 Hz), 1.58 (3H, s), 1.11 (3H, d, J 
= 6.5 Hz), 1.04 (3H, d, J = 6.5 Hz) 
176: yellow oil; 1H-NMR (500 MHz, CDCl3): δ = 6.48 (1H, d, J = 6.5 Hz), 6.26 (1H, d, J = 6.5 Hz), 
4.40-4.30 (2H, m), 4.08 (1H, t, J = 6.5 Hz), 2.51 (1H, sept, J = 7.0 Hz), 1.60 (3H, s), 1.09 (3H, d, J = 7.0 
Hz), 1.07 (3H, d, J = 7.0 Hz) 
OH
OH
174 166
O
O
O
O
OH
O
O
OH
175 176
AgO
Et2O
OH
neat, 60 ºC
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7-isopropyl-1-methyl-5-[(p-tolylthio)methyl]bicyclo[2.2.2]octa-5,7-diene-2,3-dione (183) 
7-isopropyl-1-methyl-6-[(p-tolylthio)methyl]bicyclo[2.2.2]octa-5,7-diene-2,3-dione (184) 
 
 
 
 
 
???????? 175 ? 176 ? 3.9:1 ??? (7.80 g, 35.4 mmol) ???????? (300 mL) 
??????0 ºC ?????????????? (14.8 mL, 106 mmol) ? 4-????????
??? (432 mg, 3.54 mmol) ?????????????? (3.01 mL, 38.9 mmol) ??????1 
???????? p-???????? (4.83 g, 38.9 mmol) ?????????????????
???????????????????????????????? 3 ?????????
??????????????????????????????????????????
??????????????????????????????? (?????/n-???? 
= 1:6) ?????? 183 ? 184 ? 3.9:1 ???? (9.60 g, 29.4 mmol) ?????? 
 
183: yellow oil; 1H-NMR (500 MHz, CDCl3): 7.19 (2H, d, J = 7.5 Hz), 7.09 (2H, d, J = 7.5 Hz), 5.95 (1H, 
dd, J = 4.0, 1.0 Hz), 5.05 (1H, s), 3.89 (1H, m), 3.68 (1H, d, J = 14.0 Hz), 3.63 (1H, d, J = 14.0 Hz), 2.59 
(1H, sept, J = 7.0 Hz), 2.31 (3H, s), 1.54 (3H, s), 1.10 (3H, d, J = 7.0 Hz). 0.98 (3H, d, J = 7.0 Hz) 
184: yellow oil; 1H-NMR (500 MHz, CDCl3): 7.14 (2H, d, J = 8.0 Hz), 7.08 (2H, d, J = 8.0 Hz), 6.17 (1H, 
d, J = 7.5 Hz), 5.84 (1H, d, J = 6.5 Hz), 3.87 (1H, m), 3.64 (1H, d, J = 14.5 Hz), 3.53 (1H, d, J = 14.5 Hz), 
2.57 (1H, sept, J = 7.0 Hz), 2.29 (3H, s), 1.71 (3H, s), 1.14 (3H, d, J = 7.0 Hz), 1.07 (3H, d, J = 7.0 Hz) 
O
O
OH
O
O
OH
175 176
O
O
Stol
O
O
Stol
183 184
MsCl, DMAP, TEA 
DCM,  0 ºC then tolSH
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7-isopropyl-1-methyl-4-[(p-tolylthio)methyl]bicyclo[3.2.1]octa-3,6-diene-2,8-dione (185) 
 
 
 
 
 
 ???????? 183 ? 184 ? 3.9:1 ??? (9.60 g, 29.4 mmol) ???????? (300 
mL) ??????0 ºC ??????????????????????? (11.1 mL, 88.2 mmol) 
??????????? 4.5 ?????????????????????????????
?????????? 3 ???????????????????????????????
???????????????????????????????????? (?????/n-
???? = 1:6) ???????n-??????????? 185 (4.54 g, 13.9 mmol) ?????
? 174 ???? 31% ???? 
 
185: colorless crystal; m.p. = 91.5-92.3 ºC; 1H-NMR (400 MHz, CDCl3): δ = 7.21 (2H, d, J = 8.0 Hz), 
7.07 (2H, d, J = 8.0 Hz), 6.35 (1H, dd, J = 3.6, 1.6 Hz), 5.47 (1H, s), 3.74 (1H, d, J = 3.6 Hz), 3.70 (1H, d, 
J = 13.6 Hz), 3.59 (1H, d, J = 13.6 Hz), 2.36 (1H, sept, J = 7.2 Hz), 2.30 (3H, s), 1.34 (3H, s), 1.04 (3H, d, 
J = 7.2 Hz), 0.79 (3H, d, J = 7.2 Hz); 13C-NMR (100 MHz, CDCl3): δ = 201.2, 192.4, 160.2, 152.6, 138.3, 
132.8, 130.1, 129.1, 127.7, 124.8, 71.4, 55.7, 42.3, 28.2, 21.4, 21.1, 20.0, 7.98; IR (KBr) νmax (cm–1) = 
2977, 2963, 1781, 1658, 1604, 1491, 1379, 1331, 1224, 1098, 905, 812, 635, 573, 539; HRMS (ESI+): 
m/z calcd. for C20H22NaO2S [M+Na] + 349.1233, found 349.1247 
O
O
Stol
O
O
Stol
183 184
O
O
Stol
BF3·OEt2
DCM
(31% from 174)
185
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3-bromo-1-[2-(trimethylsilyl)ethoxymethoxy]cyclohexa-1,3-diene (210) 
 
 
 
 
 
 ????????????????? 224  (1.26 g, 7.20 mmol) ? THF (24 mL) ? DMF (48 
mL) ??????–78 ºC ??????KHMDS (0.5 M ??????, 15.8 mL, 7.92 mmol) ???
??2 ?????????SEMCl (1.39 mL, 7.92 mmol) ??????????????????
?????????????????????????? 3 ???????????????
??????????????????????????????????????????
?????????? (?????/n-???? = 1:50) ?????? 210 (1.42 g, 4.65 mmol) 
??? 64% ???? 
 
210; colorless oil; 1H-NMR (400 MHz, CDCl3): δ = 5.69 (1H, m), 5.24 (1H, s), 5.02 (2H, s), 3.70 (2H, t, J 
= 8.4 Hz), 2.30-2.29 (4H, m), 0.97 (2H, t, J = 8.4 Hz), 0.03 (9H, s); 13C-NMR (100 MHz, CDCl3): δ = 
157.0, 118.3, 116.8, 101.0, 92.3, 66.9, 25.7, 24.8, 18.0, –1.41; IR (film) νmax (cm–1) = 2952, 2891, 1631, 
1595, 1374, 1249, 1153, 1095, 1019, 980, 859, 836; HRMS (ESI+): m/z calcd. for C12H21BrNaO2Si 
[M+Na] + 327.0386, found 327.0408; nD20 = 1.503 
O
Br
224
OSEM
Br
210
KHMDS
 
THF, DMF, – 78 ºC then SEMCl
(64%)
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(1R*,4S*,5S*)-7-isopropyl-1-methyl-4-[(p-tolylthio)methyl]-4-{5-[2-(trimethylsilyl)ethoxymethoxy]cycl
ohexa-1,5-dienyl}bicyclo[3.2.1]octa-6-ene-2,8-dione (228) 
 
 
 
 
 
 
 
 ???????? 210 (569 mg, 1.86 mmol) ????????? (2.0 mL) ??????–78 ºC 
??????t-??????? (1.65 M ??????, 2.48 mL, 4.09 mmol) ?????30 ???
???????????????????????? (600 mg, 2.33 mmol) ?????????
?? (2.0 mL) ?????0 ºC ??????30 ?????????????????????
??THF (2.0 mL) ?????????????????????????????? 185 (101 mg, 
310 µmol) ? THF (4.0 mL) ??????0 ºC ????????? (I) ??????????? 
(76.4 mg, 372 µmol) ??????????????????????????????????
?????????????????????????? 3 ???????????????
??????????????????????????????????????????
?????????? (?????/n-???? = 1:10) ?????? 228 (39.7 mg, 75.9 µmol) 
??? 24% ??? (exo/endo = 1:1, ?????? 49%) ? 
 
228: colorless oil; 1H-NMR (400 MHz, CDCl3): δ = 7.24 (2H, d, J = 8.4 Hz), 7.07 (2H, d, J = 8.4 Hz), 
6.16 (1H, dd, J = 3.2, 1.6 Hz), 5.21 (1H, m), 5.16 (1H, s), 5.01 (1H, d, J = 6.4 Hz), 4.97 (1H, J = 6.4 Hz), 
3.68 (2H, t, J = 8.4 Hz), 3.27 (1H, d, J = 12.4 Hz), 3.25 (1H, d, J = 3.2 Hz), 3.04 (1H, d, J = 12.4 Hz), 
2.89 (1H, d, J = 16.4 Hz), 2.85 (1H, d, J = 16.4 Hz), 2.33 (1H, m), 2.30 (3H, s), 2.18-2.03 (4H, m), 1.20 
(3H, s), 1.11 (3H, d, J = 7.2 Hz), 0.95 (1H, m), 0.95 (3H, d, J = 7.2 Hz), 0.00 (9H, s) 
O
O
Stol
O
O
Stol
OSEM
225, CuBr·SMe2
THF, 0 ºC
exo/endo = 1:1
(49%)
OSEM
BrMg
OSEM
Br
OSEM
t-BuLi, Et2O, –78 ºC
then MgBr2·OEt2, 0 ºC
210 225
BrMg
185 228
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(1R*,4S*,5S*)-7-isopropyl-1-methyl-4-(5-oxocyclohex-1-enyl)-4-[(p-tolylthio)methyl]bicyclo[3.2.1]octa-
6-ene-2,8-dione (231) 
 
 
 
 
 
 
 ???????? 228 (16.9 mg, 32.3 µmol) ???????? (500 µL) ??????–78 ºC 
??????TMSOTf (8.0 µL, 35.6 µmol) ?????30 ??????????????????
??????????????????? 3 ??????????????????????
??????????????????????????????????????????
??? (?????/n-???? = 1:4) ?????? 231 (7.6 mg, 18.0 µmol) ??? 56% ??
?? 
 
231: colorless solid; 1H-NMR (400 MHz, CDCl3): δ = 7.23 (2H, d, J = 8.4 Hz), 7.08 (2H, d, J = 8.4 Hz), 
6.15 (1H, m), 5.76 (1H, m), 3.20 (1H, d, J = 3.2 Hz), 3.19 (1H, d, J = 12.4 Hz), 2.97 (1H, d, J = 12.4 Hz), 
2.96 (1H, d, J = 20.4 Hz), 2.96 (1H, d, J = 20.8 Hz), 2.90 (1H, d, J = 20.8 Hz), 2.70 (1H, d, J = 20.4 Hz), 
2.36-2.20 (5H, m), 2.31 (3H, s), 1.20 (3H, s), 1.12 (3H, d, J = 6.8 Hz), 0.96 (3H, d, J = 6.8 Hz) 
O
O
Stol
OSEM
O
O
231
Stol
O
TMSOTf
DCM, –78 ºC
(56%)
228
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(1S*,4S*,11S*,12S*)-{14-isopropyl-1-methyl-4-[(p-tolylthio)methyl]tetracyclo[9.3.0.04,12.05,10]tetradeca-5
(10),13-diene-2,9-dione}-11-yl acetate (233) 
 
 
 
 
 
 
 ????? 231 (7.6 mg, 18.0 µmol) ???????? (500  µL) ???????????? 
(6.5 mg, 20.0 µmol) ?????60 ºC ???? 1 ????????????????? (3.74 µL, 
27.0 µmol) ?? 4-??????????? (3.3 mg, 27.0 µmol)????? (2.56 µL, 27.0 µmol) 
?????????????????????????????????? 3 ???????
???????????????????????????????????????????
????????????????? (?????/n-???? = 1:4) ?????? 233 (2.1 
mg, 4.52 µmol) ??? 25% ???? 
 
233: colorless oil; 1H-NMR (400 MHz, CDCl3): δ = 7.26 (2H, m), 7.09 (2H, d, J = 6.8 Hz), 5.62 (1H, d, J 
= 6.8 Hz), 3.47 (1H, d, J = 6.8 Hz), 3.08 (1H, d, J = 12.4 Hz), 3.00 (1H, d, J = 19.2 Hz), 2.78 (1H, d, J = 
12.4 Hz), 2.29-2.25 (5H, m), 2.25 (3H, s), 2.10 (1H, d, J = 19.2 Hz), 1.98 (1H, m), 1.89 (1H, m), 1.60 (1H, 
m), 1.41 (1H, dt, J = 13.6, 3.6 Hz), 1.31 (3H, s), 0.94 (3H, d, J = 6.8 Hz), 0.93 (3H, d, J = 6.8 Hz) 
O
O
231
Stol
O
O
O
OO
Stol
Cs2CO3, MeCN, reflux
then Ac2O, TEA, DMAP
(25%)
233
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(1S*,4R*,11S*,12S*)-{1,4-dimethyl-14-isopropyltetracyclo[9.3.0.04,12.05,10]tetradeca-5(10),13-diene-2,9-d
ione}-11-yl acetate (234) 
 
 
 
 
 
 
????????? 233 (1.6 mg, 3.44 µmol) ????? (500 µL) ??????Raney ???? 
(W-2, 150 mg) ???????? 1 ?????????Celite® ??????????????
?????????????????????? (?????/n-???? = 1:4) ?????? 
234 (1.3 mg, 3.80 µmol) ???????? 
 
234: colorless oil; 1H-NMR (400 MHz, CDCl3): δ = 5.61 (1H, d, J = 6.8 Hz), 2.97 (1H, d, J = 19.2 Hz), 
2.80 (1H, d, J = 6.8 Hz), 2.35-2.25 (3H, m), 2.25 (3H, s), 2.07 (1H, d, J = 19.2 Hz), 1.98 (1H, m), 1.90 
(1H, m), 1.58 (1H, m), 1.40 (1H, dt, J = 13.6, 3.6 Hz), 1.32 (3H, s), 1.06 (3H, s), 0.94 (3H, d, J = 6.4 Hz), 
0.93 (3H, d, J = 6.4 Hz) 
O
O
OO
234
O
O
OO
Stol
Raney Ni (W-2)
acetone 
(quant.)
233
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